A total of 523 cardiac surgical discharge summaries were searched for recorded evidence of adverse neurological events occurring between operation and time of discharge. Neurological events were recorded in 31 and included one or more of seizure disorder (n= 16), pyramidal signs (n= 11), extrapyramidal signs (n= 8), coma (n=6), and neuro-ophthalmic deficits (n=6).
mortality has fallen, concern has been raised that an underlying neurological morbidity has been exposed.2 The incidence of this neurological morbidity in children is not known, yet this information is essential for the planning of relevant prospective studies into underlying pathophysiology in the population at risk.
Relatively simple cardiac surgery may be carried out using a closed heart approach. For more complex procedures, the heart must be opened and cardiopulmonary bypass used. During bypass, venous blood is drained from the right side of the heart, via a cannula to a pump system. The blood is then oxygenated, cooled, and pumped back to the left side of the heart via an aortic cannula. For most bypass procedures, the aorta is also clamped proximal to this cannula. In some complex surgical procedures, complete circulatory arrest may be required for a period of time. For this the patient is profoundly cooled (<20'C) and the pump is stopped altogether. 3 Previous studies in both adults and children have investigated the effect of these various bypass techniques on cerebral haemodynamics and some have looked at the relationship with subsequent neurological outcome. 4 5 There are, however, very few data that define the overall morbidity or relate it to any particular diagnosis or surgical procedure.
The present study is a retrospective review of a consecutive series of patients undergoing cardiac surgery, at the Hospital for Sick Children, Great Ormond Street. The purpose of the study was to establish the frequency of immediate neurological events after cardiac surgery in this unit and to examine some of the factors associated with this morbidity.
Methods
Five hundred and twenty three surgical discharge summaries, created during a one year period, November 1990-October 1991, were searched for evidence of adverse neurological events occurring between operation and time of discharge. By consulting the register of admissions, we determined that this accounted for 96% of all patients undergoing cardiac surgery at the Hospital for Sick Children during the one year time period chosen. The summaries are written around the time of discharge by the cardiac surgical senior registrar by extraction from the patient's notes. The information obtained was supplemented by the perfusion records, the operation notes, and the hospital records. 8 Postoperatively, a record was made if the notes had emphasised that there had been difficulty maintaining the child's perfusion pressure despite inotropic support. The numerical value was not known for these cases. Postoperatively, significantly more patients with adverse neurological events were ventilated for over 48 hours (p<005) and they had more periods of low MAP (p<0 05).
Overall, of the 31 patients with adverse neurological events, 16 (52%) had had a period of low MAP either intraoperatively or postoperatively, compared with 75 (17%) of the subsequently normal patients (p<0001).
In addition, of the children with right ventricular outflow tract obstruction (the diagnosis in over one third of all patients with adverse neurological events), seven (64%) had a period of low MAP and this compares with 25 (22%) of the subsequently normal patients with this diagnosis (p<0 01). For those patients with adverse neurological events and arch anomaly as their diagnosis, four (66%) had experienced a period of low MAP and this compares with only one (4%) of patients in the arch anomaly group who were subsequently normal (p<0O0 1).
Of the 31 patients with adverse neurological events, three died during the reported admission and five died at a later date. Four patients were lost to further follow up, three of these cases living abroad. The long term outcome of the remaining 19 patients together with their specific adverse neurological event, relevant investigations, and duration of follow up is shown in table 2. In essence, patient numbers 8, 12, 13, 15, 16, 17, 19, 22, and 27 probably recovered from their perioperative insult whereas patient numbers 5, 6, 10, 14, 18, 20, 21, 23, 24, and 29, had evidence of long term sequelae.
Discussion
We have found that one in every 20 children undergoing cardiac surgery at this institution, during a one year time period, had an adverse neurological event in the immediate postoperative period. From the retrospective way in which our data were collected this must represent a minimum incidence, as it is likely that only the more severe or unusual neurological events would have been documented in the cardiac surgical discharge summaries, our initial source of reference. A recent survey seeking opinions from both paediatric neurologists and cardiac surgeons, reported a prevalence of neurological morbidity ranging from 2% to 25% (mean 8%) at six major paediatric cardiac surgery programmes in North America.'I No published first hand data are available against which to compare our results, although in a similar retrospective study of neurological morbidity in survivors of paediatric cardiac surgery in the Northern region of England an incidence of 15% was found (A G Stuart et al, paper presented at the British Paediatric Meeting in York, April 1989).
Two mechanisms of neurological injury associated with cardiopulmonary bypass are postulated; microembolism (of air or particulate matter) and ischaemia, but their relative importance remains controversial." This was not a study of underlying aetiology, but we did have some evidence that a period of low perfusion pressure either intraoperatively or postoperatively was present in more patients who had an adverse neurological event that in those who were subsequently normal. Future prospective studies, investigating the influence of both intraoperative and postoperative perfusion pressure on subsequent neurological morbidity may help to determine the strength of this relationship.
Pre-existing neurological abnormalities in children before their cardiac surgery have been previously documented. In one study, preoperative neurological abnormalities were present clinically in 15 of 21 (71%) patients before their corrective surgery.12 From this present study, 13 of the 31 children (42%) with a subsequent adverse neurological event, had either a pre-existing neurological abnormality, for example, Down's syndrome, CHARGE association, or had experienced an event preoperatively that could have accounted for some of their abnormal postoperative neurology. Necropsy studies have confirmed central nervous system malformations in patients with congenital heart disease, specifically in those patients with TGA (2-5%), Fallot's tetralogy (5-1 0%), coarctation of the aorta (4-9%), truncus arteriosus (4-10%), and hypoplastic left heart syndrome (2-10%).13 14 These pre-existing abnormalities may in some way predispose towards further neurological injury during surgery.
The ICD9 system of classification cannot adequately account for the variety of congenital cardiac lesions or distinguish the differing effects on outcome of the precise nature of the lesion, for example between a simple TGA and a more complex TGA with additional intracardiac pathology or between a simple coarctation of the aorta and an interrupted aortic arch. It was for this reason that the regrouping was performed in an attempt to at least reflect the functional effect of the cardiac conditions encountered. Nevertheless, an interesting finding from this study was that the highest frequency of adverse neurological events was in the cardiac diagnostic group of arch anomaly. This group includes those patients who had simple coarctation, interrupted aortic arch, or hypoplastic arch.
These more severe forms of coarctation, often result in a preoperatively sick, acidotic and hypotensive infant, who may then undergo a technically complex repair (with, for example, in a hypoplastic arch clamping of the left carotid artery) and therefore it would not be surprising to isolate this group as potentially at high risk for neurological sequelae. As can be seen from the table of long term outcome, two of these patients had 'simple' coarctations and were repaired via a closed heart approach; all six had seizures as their adverse neurological event. A possible explanation for the high incidence of adverse neurological events among the arch anomalies is that embolism of air or particulate matter may result from manipulation of the arch. Also in simple coarctations repaired without the use of cardiopulmonary bypass, heparin is not administered which may also increase the risk from emboli. Our results also suggest that a period of low perfusion pressure may be a contributing factor in this group. One could also speculate that a preexisting midline brain abnormality, such as focal cortical dysplasia, could be associated with this midline arch defect and this could predispose to seizures. Certainly further research targeting this particular diagnostic group is warranted.
The most frequently noted adverse neurological event throughout the whole group was seizures, documented in 16 patients. This results in an overall frequency of 3d1% of cases undergoing surgery. The reported incidence of postoperative seizures varies between 4% and 10%, however, this quoted figure is for specific surgical procedures, for example, profound hypothermia and circulatory arrest rather than an overall frequency covering various forms of surgery.12 15 Only one child (number 29), with seizures as his postoperative adverse neurological event, continued with seizures on a long term basis (and this particular child had seizures associated with hypocalcaemia before his cardiac surgery). The rarity of long term seizures is consistent with the reported natural history of fits associated with cardiac surgery,15 but a follow up study, for example, of young adults, would be needed to exclude the possibility of epilepsy as an outcome.
In summary, of our 19 children with adverse neurological events in the immediate postoperative .period for whom some long term follow up data are available, nine probably recovered from their perioperative insult, of whom only three had been normal preoperatively. Ten patients remained with long term neurological sequelae, all of these had substantial perioperative adverse neurological events. In four of these, it is difficult to determine the relative contribution of immediate preoperative from intraoperative/postoperative insults. The remaining six had been completely normal preoperatively and their subsequent sequelae must be directly related to the period surrounding their cardiac surgery.
This represents a significant proportion of children and families whose lives may well have been impaired, despite correction of their cardiac abnormality. It must also represent a significant cost in terms of long term provision of both medical and rehabilitation services. Further research to limit the development of this neurological damage must continue to be actively supported.
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